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IN VIVO MRI ANALYSIS OF SUPERFICIAL AND DEEP HUMAN FEMORAL
KNEE CARTILAGE TO EVALUATE TOPOGRAPHICAL VARIATIONS IN
DIFFERENT EXERCISE GROUPS
Z.K. Hawezi1, C.J. Tiderius1, E. Lammentausta2, J. Svensson1,
L.E. Dahlberg1. 1Lund Univ., Malmo, Sweden; 2Oulu Univ., Oulu, Finland
Purpose: The aim was to evaluate topographical variations in human
femoral knee cartilage in a sedentary and exercise group using MRI
analysis of superﬁcial and deep regions of interest and express results as
gadolinium concentration.
Methods: Group 1 (n =9): non-exercising individuals; Group 2 (n =8):
male elite runners, all without knee symptoms. T1 measurements
(1.5 T) were performed in femoral knee cartilage. The weight-bearing
central cartilage was analyzed before contrast and two hours after an
intravenous injection of Gd-DTPA2- using 0.3mmol/kg body weight. The
femoral cartilages were analysed and divided into regions of interest.
In the sagittal plane, central medial and lateral femoral condyles were
divided into two main regions, weight bearing and non weight bearing
(anterior and posterior of the weight-bearing region). Each region was
further divided into separate regions of interests, the superﬁcial (one
pixel layer) and the deeper pixel layers (Fig. 1). Pre- and post-contrast T1
values for superﬁcial and deep cartilage in each segment were computed
by using following formula:
[Gd] = (1/T1Gd − 1/T1pre)/r1, where T1Gd is the T1 value at a certain
time point after contrast agent injection, T1pre is the T1 value before
Gd-DTPA2- injection, and r1 is the relaxivity of Gd-DTPA2-, for which
the value 4.1 s−1 mM−1 measured in human plasma at 37°C temperature
was used.
Results: Elite runners had signiﬁcantly thicker cartilage than the
sedentary in all segmented regions.
There was a difference (p < 0.01 for both superﬁcial and deep regions)
between weight bearing and non weight bearing regions in both groups,
with lower gadolinium concentration in the weight bearing than in the
non weight bearing area.
There was lower gadolinium concentration in the elite runners than the
sedentary subjects in all segments and regions (Fig. 2).
There was a negative correlation between cartilage thickness and
gadolinium concentration in the deep region in both elite and sedentary
group (r = −0.3, p = 0.02 and r = −0.2, p = 0.06, respectively). Importantly,
in the superﬁcial region there was no correlation between cartilage
thickness and gadolinium concentration (Fig. 3).
Fig. 1.
Fig. 2.
Fig. 3.
Conclusions: The lower gadolinium concentration in elite runners,
speciﬁcally in the superﬁcial region, indicates a higher GAG content
due to exercise.
The fact that gadolinium concentration was lower in weight-bearing
compartments suggests that load inﬂuence the cartilage properties,
speciﬁcally GAG content.
The negative correlation between cartilage thickness and gadolinium
concentration in the deep region indicates that the contrast medium
enters the cartilage mainly from the superﬁcial region and that the
deeper cartilage regions is not fully saturated with contrast medium in
subjects with thick cartilage.
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THE EFFECT OF RADIOGRAPHIC POSITIONING ON ACTIVE
APPEARANCE MODELLING OF BILATERAL KNEE OSTEOARTHRITIS
IN THE OSTEOARTHRITIS INITIATIVE (OAI)
F.R. Saunders, R.J. Barr, D.M. Reid, R.M. Aspden, J.S. Gregory. Univ. of
Aberdeen, Aberdeen, United Kingdom
Purpose: To investigate the effect of different radiographic equipment in
an Active Appearance Model (AAM) of bilateral knee OA.
Dataset: The male subjects were selected from Image B imaging sub-
group of the Osteoarthritis Initiative (OAI), who are all part of the
progression cohort. They were age, height and weight matched to
subjects from the incidence cohort, after initial selection for beam angle
of 10° (±2.5°).
Methods: The new bilateral knee model was based on single knee active
shape models from previous studies. A template of 186 points was ﬁtted
to each image using the AAM software to describe the shape of the
knees. The co-ordinates of the points were found semi-automatically in
all images and principal components analysis (PCA) was used to reduce
these variables to a smaller number of independent variables (modes).
The distance between the knees was measured using Image J and actual
distance (mm) was calculated using the pixel resolution of each image.
Statistical analysis was carried out using SPSS v18.0 and Sigmaplot
v11.0.The baseline OAI radiographs were taken using 5 different sets
of radiographic equipment and saved in DICOM format at varying
resolutions. Pearson correlation was used to calculate relationships
between the ﬁrst mode from the appearance model (mode 1), continuous
variables downloaded from the OAI database and ANOVA to test for
signiﬁcant differences between equipment manufacturers.
Results: The two cohorts were well matched using height and weight
(P = 0.91 and P=0.98 respectively [paired t test]); however the age
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matching was less successful due to the non-Gaussian distribution
(P = 0.28 [Wilcoxon Signed Rank test]).
There was a wide variation in the measured distance between
knees between the manufacturers (P < 0.00001), showing systematic
differences between the radiographs. A new standardised measure
(stDist) was found by subtracting the mean distance from each
manufacturer.
Mode 1 was signiﬁcantly correlated with Hip-knee angle (HKA),
minimum medial joint space narrowing (MMJSN) on both sides (HKA
P < 0.001r = 0.3; MMJSN P0.01). The distance between the knees was also
signiﬁcantly correlated with mode 1 (P< 0.00001, R = −0.50). Despite this,
no signiﬁcant systematic difference was evident in mode 1.
The scatterplot of mode 1 against the distance between the knees
highlights the systematic differences between the imaging equipment
(Fig. 1a). However this is ameliorated when the distance is standardised
(Fig. 1b). The correlation between mode 1 and stDist (P < 0.00001, r = −0.6)
was stronger than that for the unstandardised distance. Investigation
of apparent outliers in ﬁgure 1b identiﬁed individuals with strong
asymmetry between the left and right knees in HKA and/or JSW.
Conclusions: This study shows that the AAM model of bilateral knee
radiographs can model gross anatomical differences associated with OA,
independently of imaging resolution. This result shows its potential as a
robust model for investigating radiographic OA from a variety of image
sources.
Fig. 1. (a) Distance vs mode 1; (b) standardised distance vs mode 1.
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PATIENTS WITH EARLY OSTEOARTHRITIS: RADIOGRAPHIC FINDINGS
OF PATIENTS WITH EARLY TO SEVERE OSTEOARTHRITIS
K.K. Briggs, L.M. Matheny, W.G. Rodkey, J. Steadman. Steadman Philippon
Res. Inst., Vail, CO, USA
Introduction: In order to design early treatment and prevention
programs for the onset of osteoarthritis, factors associated with early
osteoarthritis need to be deﬁned. The purpose of this study was
to describe factors associated with osteoarthritis in a large patient
population.
Methods: A prospective database was queried. A group of 1722 patients
has complete radiographic, demographic, and subjective data. For this
study, patients with a Kellgren-Lawrence(KL) grade of 2 were deﬁned as
early osteoarthritis. This was compared to patient age, gender, alignment,
and WOMAC score. The average age of the population was 56 years(range
18 to 90). There was 719 females (48%) and 781 males(52%). 504(29%)
patients had KL grade 1, 512 (30%) had KL grade 2, 399(23%) had KL grade
3, and 304(18%) had KL grade 4. Grade 3 and 4 were combined as one
group(moderate/severe OA). ANOVA with Bonferroni post-hoc correction
was used to compare groups.
Results: Grade 1 patients’ average age was 49 years [95%CI: 48 to
50years], grade 2 was 56 years [95%CI: 55 to 57years], and grade
3/4 was 60 years[95%CCI: 59 to 61years]. Patients with KL grade 2
were signiﬁcantly older than patients with KL grade 1 and signiﬁcantly
younger than patients with KL grade 3 and 4(p < 0.001). The distribution
of gender was not signiﬁcantly different between KL grade 1 and grade
2(p =0.23). There was a signiﬁcant association between gender and KL
grade II and grade 3/4. KL grade 2 had 38% males while grade 3/4 had
61% males (0.009). The average WOMAC score for KL grade 1 was 49
[95%CI: 48 to 50], grade 2 was 56 [95%CI: 55 to 57], and grade 3/4 was
61[95% CI: 59 to 61] (p < 0.001). Alignment outside of neutral was seen
in 34% of KL grade 1, 42% of grade 2, and 66% of grade 3/4. The average
shift from neutral in grade 1 was 20%[95%CI: 18 to 24], grade 2 was
28%[95%CI: 24 to 31] and grade 3/4 was 45%[95%CI: 42 to 48].
Conclusion: In this patient population, patients with mild osteoarthritis
were younger than those with moderate/severe osteoarthritis and more
likely to be male. The WOMAC score showed improvement in the mild OA
group. The mild OA group also had a lower prevalence of malalignment,
and if they did have malalignment, it was within 30% of neutral.
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CT ARTHROGRAPHY OF THE KNEE TO MEASURE CARTILAGE QUALITY
WITH LOW RADIATION EXPOSURE
J. van Tiel1, M. Siebelt1, J.H. Waarsing1, M. van Straten1, J.A. Verhaar1,
G.P. Krestin1, H. Weinans1,2, E.H. Oei1. 1Erasmus MC, Rotterdam,
Netherlands; 2Delft Univ. of Technology, Delft, Netherlands
Purpose: Contrast-enhanced microCT (mCT) and in vivo mCT
arthrography are imaging techniques which measure cartilage quality
in terms of the sulphated glycosaminoglycan (sGAG) content of cartilage.
Recently, we showed that CT arthrography (CTa) performed on a clinical
CT system using human cadavers is also capable of measuring cartilage
quality in terms of the sGAG content using a high radiation dose protocol.
Before CTa can be used in a clinical setting, the radiation dose of the
CT protocol must be decreased. Therefore, the aim of this study was to
assess the effect of radiation dose reduction on the capability of CTa to
measure overall and local cartilage quality.
Methods: Seven human cadaveric knee joints were scanned on a second
generation dual source multidetector spiral CT scanner (Deﬁnition Flash,
Siemens) after intra-articular injection of a negatively charged contrast
agent (Hexabrix 320, Mallinckrodt). CT was performed with six different
radiation exposures: 3140 (maximum dose), 1570 (50%), 1256 (40%), 942
(30%), 628 (20%) and 314 (10%) mAs with a constant tube voltage of
80kV. Mean X-ray attenuation of all scans was calculated in seven large
anatomical multisection regions of interest (ROIs) of cartilage (weight-
bearing (WB) and non weight-bearing (nWB) areas of the medial and
lateral femoral condyles, WB medial and lateral tibial plateaus and the
mid-portion of the patella). Next, all knee joints were dissected and
femoral condyles, tibial plateaus and the patella were separated. After
dissection, all ROIs were rescanned with mCT, which served as reference
standard because it accurately measures sGAG content and hence quality
of cartilage. In all anatomical ROIs of the mCT the mean X-ray attenuation
was calculated. Finally, all mCT and CTa data was registered to enable
comparison of local cartilage quality on corresponding slices. Areas of
good and bad cartilage quality were deﬁned in the mid-portion slice of
the mCT of the patella using visually selected attenuation thresholds. The
visual agreement for good and bad areas of cartilage was determined and
used to represent the capability of CTa to detect local cartilage quality.
The correlation between mean X-ray attenuation values of the CTa and
mCT per anatomical ROI was analyzed with linear regression. The visual
agreement for deﬁning good and bad cartilage quality per radiation dose
were compared with mCT.
